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(g) Guiding catheter having soft tip. 



© A vascular guiding catheter comprises an 
inner tubular member having a torque transmit- 
ting member formed over a major portion there- 
of and a soft polymeric tip formed at the distal 
end thereof. The torque transmitting member 
provides the characteristics of torsional stiff- 
ness and axial flexibility which are necessary to 
be able to introduce the catheter to the vascular 
system. The soft polymeric lip reduces the likeli- 
hood that the catheter can injure the blood 
vessel and provides a convenient location for 
the inclusion of perfusion ports. A reinforce- 
ment layer is provided over a transition region 
between the termination of the torque transmit- 
ting member and the soft distal tip. Optionally, 
reinforcement layers may be provided etee^ 
where along the length of the catheter 

CO 
CO 

o 

tn 
m 
m 



Q. 

LU 



Jouve. 18, rue Saini-Denis, 75001 PARIS 



1 



EP 0 555 C88 A2 



2 



B ACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present Invention relates generally to appa- 
ratus for inserting and positioning vascular catheters 
within a patient's vascular system. More particularly, 
the present invention relates to the construction of a 
guiding catheter having controlled flexibility and a 
soft tip. 

Arteriosclerosis, also known as atherosclerosis, 
is a common human ailment arising from the deposi- 
tion of fatty-like substances, referred to as atheroma 
or plaque, on the walls of Wood vessels. Such depos- 
its occur both in.peripheral blood vessels that feed 
the limbs in the body end coronary blood vessels 
which feed the heart. When deposits accumulate in 
localized regions of a blood vessel, blood flow is re- 
stricted and the person's health is at serious risk. 

Numerous approaches for reducing and remov- 
ing such vascular deposits have been proposed, in- 
cluding balloon angioplasty where a balloon-tipped 
catheter is used to dilate a region of atheroma, athe- 
rectomy where a blade or other cutting element is 
used to sever and remove the atheroma, and laser 
angioplasty where laser energy is used to ablate at 
least a portion of the atheroma. Catheters can also 
be introduced to the vascular system for imaging, ar- 
rythmia mapping of the heart, defibrination of the 
heart, and for a variety of other diagnostic proce- 
dures. 

With all such techniques employing intervention- 
al and diagnostic catheters, it is necessary to proper- 
ly locate the catheter so that the interventional or di- 
agnostic element (usually at the distal tip of the cath- 
eter) is located at the region to be treated within the 
vascular system. As the catheters can be percutane- 
ously introduced at locations quite remote from the re- 
gion of atheroma, it is frequently necessary to man- 
euver and manipulate the catheter through various 
branches and regions within the vascular system. 

one method for positioning vascular catheters 
utilizes guiding catheters. Such guiding catheters are 
elongated flexible tubes having a central lumen to ac- 
commodate the intervenbona!«or diagnostic vascular 
catheter to be introduced. Often, the guiding catheter 
will have a bent or curved tip to facilitate placement 
in a particular region of the vascular system, and pos- 
itioning can be accomplished under conventional flu- 
oroscopic imaging. Once the guiding catheter is in 
place, a diagnostic or imeging catheter can be intro- 
duced through the central lumen to the desired treat- 
ment location within the vascular system. 

To be successful, the guiding catheter must sat- 
isfy a number of competing demands. The guiding 
catheter shouid be sufficiently flexible to permit intro- 
duction through the vascular system, particularly 
through the coronary arteries. The catheter should 



also be sufficiently axially rigid (i.e. have sufficient 
column strength) so thai it can be pushed forward 
through the vascular system without kinking and col- 
lapse. Desirably, the catheter will hav a controlled 

5 flexibility along its length to meet both these de- 
mands. The catheter should further have sufficient 
torsional stiffness so that the distal end can be turned 
(to properly orientthe curved tip) by rotating the prox- 
imal end which remains accessible to the physician. 

10 The catheter should further have a relatively soft Up, 
to avoid injury to the blood vessel during initial place- 
ment The catheter should still further be strength- 
ened in the regions where il is curved or bent, as 
these regions are generally more prone to collapse. 

is Catheter construction should also accommodate the 
placement of side holes or ports which permit perfu- 
sion of blood through the central lumen when the 
catheter is in place. Moreover, the catheter should be 
able to meet all of these mechanical demands while 

zo maximizing the cross-sectional area of the central lu- 
men, i.e., minimizing wall thickness, to accommodate 
the interventional or diagnostic catheter, permit fluid 
infusion, and the like. 

While previous guiding catheters have generally 

25 been able to meet at least some of these require- 
ments, others have remained unmet It would there- 
fore be desirable to provide guiding catheters which 
meet at least most and preferably all of the above re- 
quirements with a minimum of compromise. 

30 

2. Description of the Background Art 

U.S. Patent No. 4,817,613, discloses a guiding 
catheter having an inner lubricous sleeve, a braided 
35 torque transmitting member, and a plastic materialim- 
pregnated into the braided torque transmitting mem- 
ber, oiher guiding catheters employing braided rein- 
forcement layers are described in U.S. Patent Nos. 
4,425,919; 3,924,632; and 3,4 16,531; and Cook, Inc., 
40 Radiology, Cardiology, & Surgery Catalog (1962-84). 
The disclosures of each of these references is incor- 
porated herein by reference. 

Referring to Figs. 1 and 2, a prior art guiding cath- 
eter 10 which has been commercially available from 
45 Devices for Vascular Intervention, Inc., assignee of 
the present application, includes a catheter body 12 
constructed generally in accordance with U.S. Patent 
No. 4,617,613. described above. The catheter body 
12 includes an inner lubricous liner 14, a braided tor- 
se? que transmitting member 1 6, and a plastic material 18 
impregnated into the torque transmitting member 16. 
A soft tip 20 extends over the distal approximately 2 
mm of the inner lubricous liner 14 and lies adjacent to 
the terminabon of the braided layer 16. Side perfu- 
55 sion ports 22 are formed through the wall of th cath- 
eter body 12. penetrating the lubricous layer 14, th 
braided layer 16, and the impregnant layer 18. Astain- 
less steel support ring 23 is provided in the region of 
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tion between the torque transmitting member and the 
remainder of I he catheter. The reinforcement layer 
also reduces the tendency for the relatively harder 
polymeric impregnant in the torque transmitting mern- 
5 ber to crack during use. The reinforcement layer will 
usually be a ring or sleeve of polymeric material 
formed over the transition region. 

In another preferred embodiment, one or more 
reinforcement layers may be provided over other re- 
to glons of the torque transmitting member of the cath- 
eter, i.e., regions between the proximal end and the 
distal transition region. These reinforcement layers 
will find greatest use at curved and bent regions 
which are particularly susceptible to cracking and coi- 
rs lapse during the introduction and manipulation of the 
catheter (particularly when curved regions are 
straightene<J). The provision of a relatively stiff rein- 
forcement layer (i.e. harder than the polymen'c im- 
pregnant material) will selectively enhance the 
20 strength of the catheteratthese regions. The desired 
flexibility of the catheter in the remaining (usually 
straight) portions of the catheter, however, is not 
compromised. The reinforcement layers, however, 
may also be of use in-straight regions of the catheter, 
25 particularly over straight regions which will be sub- 
jected to substantial bending and stress during use. 
Thermoplastic reinforcement layers will improve 
shape retention of the catheter and will also permit 
selective shape modification by heating and reform- 
30 ing. 

Preferred catheters of the present invention will 
usually include perfusion ndes or ports formed with in 
the region between the torque transmitting member 
and the soft polymeric tip. Such perfusion ports are 
35 desirable since they permit the bypass Wood flow 
through the central lumen. 

The guiding catheters of the present invention 
are thus able to satisfy most or all of the criteria set 
forth above. The catheters are sufficiently flexible to 
ao be introduced through a patient's vascular system, 
while remaining sufficiently strong so that they resist 
collapse and cracking when being introduced. In par- 
ticular, the calheters have sufficient column strength 
and rotational stiffness to facilitate their introduction. 
45 The catheters will have a relatively soft tip to avoid 
traumatic injury to the blood vessel wall, while inclu- 
sion of the reinforcement layers helps the catheter re- 
tain its desired shape during use. The catheter con- 
struction will also accommodate side holes and ports 
so suitable for blood perfusion. 



the perfusion ports 22. 

SUMMARY OF THE INVENTION 

According to the present invention, a vascular 
guiding catheter comprises an inner tubular member, 
a torque transmitting member disposed over the Inner 
tubular member and extending from a proximal end 
thereof to a transition location spaced proximally in- 
ward from the distal end thereof, and a soft polymeric 
tip extending over the distal end of the inner tubular 
member. An outerlayer impregnates the torque trans- 
mitting member and extends the entire length of the 
catheter uni8 it meets the proximal end of the soft 
polymeric tip. Thus, there is a region between the ter- 
mination of the torque transmitting member and the 
soft polymeric tip which includes both the inner tubu- 
lar member end the outer tubular member, but which 
is free of the torque transmitting member. 

In order to enhance axial rigidity of the distal end 
of the catheter and to form a smooth transition be- 
tween the torque transmitting member and the soft 
distal tip, a reinforcement layer is formed at the distal 
end of the torque transmitting member and extends 
further over the inner tubular member. Such a rein- 
forcement layer helps to maintain the desired shape 
of the dbtal region of the guiding catheter as well as 
to prevent cracking or collapse of the catheter at the 
critical transition between the torque transmitting 
member and the less stiff portions of the catheter dis- 
tal to the torque transmitting member. 

A central lumen of the inner tubular member wiH 
have a lubricous surface to facilitate introduction and 
removal of an Interventional or Imaging: catheter 
(sometimes referred to as a working catheter) there- 
through after the guiding catheter has been posi- 
tioned in the vascular system. The torque transmitting 
member will have sufficient column strength and ro- 
tational stiffness so that the catheter can be ad- 
vanced by pushing and turning from the proximal end 
without collapse. Usually, the torque transmitting 
member will comprise a braided tube and the outer 
layer comprises a polymeric material which impreg- 
nates the braid and has sufficient hardness to provide 
the desired strength characteristics. The transition re- 
gion between the termination of the torque transition 
member and soft polymeric tip will be free from the 
braid and will indude the reinforcement layer, as de- 
scribed above. The polymeric tip will be sufficiently 
soft and non-traumatic to minimize potential damage 
to the blood vessel es the catheter is being intro- 
duced, particularly to the ostium of the coronary ar- 
tery. Preferably, the soft polymeric tip will be formed 
from a polymeric material having a hardness which is 
less than that of the polymer used to impregnate the 55 
braided tube of the torque transmitting member. 

The reinforcement layer provides strain relief and 
inhibits collapse of the catheter at the transition junc- 



BR1EF DESCRIPTION OF THE DRAWINGS 

Figs. 1 and 2 illustrate a prior art catheter as de- 
scribed in the Background of the Invention, above. 

Fig. 3 is a side elevational view of the distal tip of 
a guiding catheter constructed in accordance with 
the principles of the present invention. 
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Fig. 4 is a side elevation view of a distal portion 
of a guiding catheter constructed in accordance with 
the principles of the present invention with portions 
broken away and illustrated in cross-section. 

Fig. 5 is an enlarged cross-sectional view of a 5 
portion of the catheter of Fig. 4 illustrated at line 5-5. 

DESCRIPTION OF THE SPECIFIC EMBODIMENT 

The present invention provides an Improved vas- io 
cular guiding catheter of the type which includes an 
elongated catheter body having a central lumen ex- 
tending from a proximal end thereof to a distal end 
thereof and a proximal hub attached to said proximal 
end of the body. The proximal hub usually includes a 15 
conventional luer fitting which permits the introduc- 
tion of a working catheter, such as an atherectomy 
catheter, an angioplasty catheter, a laser ablation 
catheter, an imaging catheter, a diagnostic catheter, 
or the like, to the central lumen after the catheter zo 
body has been positioned at a desired location within 
the vascular system. A typical winged hub 24 which 
may be used with the guiding catheters of the present 
invention is illustrated in Fig. 1. 

The vascular guiding catheter of the present in- 25 
vention will have a shaped distal end including curves , 
and bends which are selected to facilitate introduction 
and placement of the catheter within the vascular 
system. The particular curves and bends which are 
formed in the catheter body may be selected from a 30 
wide variety of conventional geometries which are 
well known in the art of making guiding catheters. 

The catheter body will typically have a length in 
the range from about 50 cm to 1 50 cm, usually having 
a length In the range from a bout 90 cm to 1 10 cm. The 35 
diameter of the catheter body will typically be in the 
range from about 4 French (F; 1F = 0.33 mm) to 12F, 
usually being the range from about 6F to 11F. The di- 
ameter of the central lumen will typically be in the 
range from about 3F to 11F, usually being from about to 
5F to 10F, with the larger catheters being sufficient 
to accommodate interventional and diagnostic cath- 
eters having a diameter up to at least 8F. 

The catheter body includes an inner tubular 
member which defines the central lumen and pro- 45 
vides a lubricous surface to receive the interventional 
or diagnostic catheter with minimum friction. Typical- 
ly, the inner tubular member will be a sleeve formed 
from a single material, preferably a lubricous polymer, 
such as a fluorocarbon (e.g.. polytetrafluoroethylene so 
(PTFE)), a polyamide (e.g.. nylon), a poiyolef in, poly- 
imide, or the like, rt would also be possible to form the 
inner tubular member as a laminate structure with 
only an inner layer formed from a lubricous material. 

The catheter body further includes a torque 55 
transmitting member disposed over the inner tubular 
member and extending from a proximal end of the in- 
ner tubular member to a transition location spaced 



proximally inward from the distal end of the inner tub- 
ular member. The torque transmitting member may it- 
self be a tube or sleeve having a uniform or homoge- 
neous structur , but will preferably be a laminat 
structure comprising at least a single braided layer 
impregnated with a polymeric material (defining an 
outer layer) to achieve desired mechanical and struc- 
tural characteristics. In particular, the torque transmit- 
ting member will provide sufficient torsional stiffness 
so that rotation of the proximal end of the catheter 
body will cause rotation of the distal end so that the 
treating physician can manipulate the curved tip to 
guide the catheter through the bends and branches 
of the vascular system. The catheter body will also be 
sufficiently flexible in the axial direction (i.e. have a 
sufficiently low axial bending stiffness) to support 
passage and tracking of the cat heter through the vas- 
cular system. The axial flexibility (or axial bending 
stiffness) may vary over the length of the catheter 
body, with a relatively greater stiffness being accept- 
able near the proximal end. The preferred construc- 
tion of catheter bodies having a controlled stiffness 
and comprising braided layers impregnated with a 
polyurethane impregnant are described in detail in 
U.S. Patent No. 4,81 7,61 3, the full disclosure of which 
has previously been incorporated herein by refer- 
ence. 

The present invention provides improvement 
over the catheter body described in U.S. Patent No. 
4,817,613. In particular, the catheter body of the 
present invention will comprise a soft polymeric tip 
member disposed over the inner tubular member and 
extending in the distal direction from the distal end of 
the torque transmitting member to the distal end of 
the inner tubular member. The soft polymeric tip will 
be formed from a polymeric material having a hard- 
ness which Is less than the polymer used as an im- 
pregnant to form the outer layer over the remainder 
of the catheter body. In particular, the polymeric ma- 
terial which is used as the impregnant will typically 
have a hardness in the range from about 40 Shore D 
to 90 Shore D. usually being in the. range from about 
SOD to 80D and preferably being in the range from 
about 60D to 70D. The polymer of the soft polymeric 
tip will have a hardness in the range from about 40 
Shore A to 90 Shore A, usually in the range from about 
50A to 80A. and preferably in the range from about 
60Ato 7QA In all cases, the soft polymeric tip will be 
free from braid and other reinforcement layers which 
might stiffen the tip and increase the chance that it 
could cause injury when the catheter is being intro- 
duced to the vascular system. 

The soft polymeric tip may be formed from a va- 
riety of polymeric materials, usually being formed 
from a polyurethane, and preferably being formed 
from a thermoplastic polyurethane. A suitable polyur- 
ethane is TU700, available from Conap, Inc., Olean, 
New York. 
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The length of the soft polymeric tip will be suffi- 
cient to provide ad&quale cushioning at the distal tip 
of the cath ter. Usually, the soft polymeric tip will 
have a length in the range from about 0.5 mm to 8 
mm, more usually in the range from about 1 mm to 5 s 
mm, and preferably in the range from about 1 mm to 
3 mm. The outer diameter of the soft polymeric tip will 
generally be approximately the same as the remain- 
der of the catheter body, i.e. the torque transmitting 
member, but there is no reason why the diameter 10 
could not be somewhat larger or smaller. 

Conveniently, one or more perfusion ports will be 
formed through the region between the termination 
of the torque transmitting member and the soft poly- 
meric tip of the catheter body to provide for bypass 15 
flow of blood when the guiding catheter is in place 
during a procedure. Perfusion ports which are formed 
through the region are generally cleaner than those 
which are formed through a braided reinforcement 
layer In particular, perfusion ports formed through a 20 
braided reinforcement layer are subject to the pres- 
ence of burrs and other irregularities which can be 
thrombogenic and which could subject the blood ves- 
sel wall to injury. Such irregularities can also damage 
an interventional or diagnostic catheter which is intro- 25 
duced. 

The guiding catheters of the present invention 
will further comprise one or more reinforcement lay- 
ers disposed at or over particular regions in order to 
provide strain relief, enhance shape retention, inhibit 30 
cracking or collapse, and/or permit reshaping of the 
catheter. The reinforcement layers will usually be at 
least partly impregnated into the torque transmitting 
member, more usually being a thermoplastic material 
which is melted into a braided torque transmitting 35 
member. Such reinforcement layers will be composed 
of a polymeric material having a hardness which dif- 
fers from that of the impregnant which forms the outer 
layer, usually being harder to provide enhanced stiff- 
ness and collapse resistance. Thus, the hardness of 40 
the reinforcement layer material will be in the range 
from SOD to 100D. usually being from 60D to 90D. 

The reinforcement layer will usually be composed 
of a deformable polymeric material having a relatively 
high elongation constant. Preferably, the material will 45 
have an elongation constant in the range from about 
100% to 400%. usually being in the range from about 
200% to 300%. and most often in the range from 
240% to 260%. An exemplary material for the rein- 
forcement material is Nylon 12. Other suitable mate- 50 
rials include polyurethanes, poJyamides, polyethy- 
lene terephthalates. end the like. Reinforcement lay- 
ers may be formed by molding, shrink wrapping, or 
other conventional techniques over the reinforcement 
layer and/or the inner tubular member. 55 

In a particular aspect, a reinforcement layer is 
formed over the transition between the distal termin- 
ation of the torque transmitting member and the distal 



portions of inner tubular member. The transition rein- 
forcement layer will have a length from about 1 mm 
to 1 cm, usually from 2 mm to 5 mm, and will extend 
over both the torque transmitting member and the in- 
ner tubular member. 

In a second particular aspect, one or more rein- 
forcement layers may be formed over or beneath the 
torque transmitting member In regions between the 
proximal end thereof and the transition region. By 
"over" it Is meant that the reinforcement layer will be 
initially placed on the outer surface of the torque 
transmitting member and impregnated at least partly 
into the torque transmitting member before the outer 
layer is impregnated or otherwise formed over the 
catheter. By "beneath" it is meant that the reinforce- 
ment layer will be initially pieced between the outer 
surface of the inner tubular member and the inner 
surface of the torque transmitting member. After the 
torque transmitting member is in place, the reinforce- 
ment layer can be melted to cause impregnation of 
the torque transmitting member from below. 

Reinforcement layers disposed proximally of the 
transition region will be used to reinforce regions of 
particular stress, particularly including curved re- 
gions of the catheterwhich will be straightened as the 
catheter is introduced and straight regions of the 
catheter which will be subjected to particularly sharp 
bending as the catheter is introduced. The length of. 
these reinforcement layers will usually be from sever- 
al centimeters to 50 cm, or. larger, and in some cases 
it may be desirable to apply the reinforcement layer 
over the entire tength of the catheter. 

In a third aspect, the reinforcement layers may be 
formed from a t hermoplastic, such as nylon or a ther- 
moplastic poJyurethane, which permits reshaping of 
the catheter by heating and reforming of the rein- 
forcement layer. When reshaping is not a require- 
ment, the reinforcement layer may be formed from a 
thermosetting polymer. 

In a fourth aspect the bending stiffness of the 
catheter at different locations along its length can be 
selectively modified by forming reinforcement layers 
having differing hardness. For example, relatively stiff 
regions can be formed by incorporating a reinforce- 
ment layer having a hardness in the range from 60D 
to 100D. usually from 65D to 90D. Less stiff regions 
can be formed by incorporating a softer reinforce- 
ment layer having a hardness in the range from 50D 
to 70D, usually from 50D to 60D. 

Referring now to Fig. 3, the distal end 30 of an ex- 
emplary catheter 30 constructed in accordance with 
the principles of the present invention is illustrated. 
The proximal portions of the catheter (i.e., those 
which are not illustrated) may be of conventional con- 
struction, for example in accordance with the teach- 
ings of U.S. Patent No. 4,817.613, the disclosure of 
which has previously been incorporated herein by ref- 
erence. Guiding catheter 30 comprises an inner tub- 
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ular member 32, a torque transmitting member 34 
(typically a braided layer as described above), dis- 
posed ov r a portion of the inner tubular member 32, 
and an outer Iayer36 extending over the torque trans- 
mitting member and the inner tubular member. The 
torque transmitting member 34 terminates at a tran- 
sition region 38, where the portion of the catheter 30 
lying distaJly of the transition region has substantially 
different mechanical properties since it is free of the 
torque transmitting member. The catheter 30 termin- 
ates at its distal tip in a soft polymer lip member 40. 

A reinforcement layer 42 extends across the dis- 
tal end of the torque transmitting member 34 and onto 
inner tubular member 32 to cover and provide strain 
relief at the transition region 36. The reinforcement 
layer 42 has the mechanical properties describes 
above and provides strain relief between the termin- 
ation of the relatively stiff torque transmitting member 
and the much less stiff distal portion of the catheter 
30. Conveniently, side perfusion ports 44 may be 
formed through the side wall of the guiding catheter 
30 within the region which is free from the torque 
transmitting member 34 but which is reinforced by re- 
inforcement layer 42. In this way, relatively clean per- 
fusion ports may be formed which are substantially 
free from burrs and irregularities. Moreover, the ten- 
dency of the perfusion ports to weaken the side wall 
of the catheter 30 (and thus increase the chance that 
the catheter will collapse andVor crack in this region), 
is greatly reduced. 

In a preferred aspect of the present invention, the 
space between the torque transmitting member 32 
and the soft polymeric tip 40 will be formed from sub- 
stantially clear or partially translucent polymeric ma- 
terials to improve the ability to inspect the final man- 
ufactured structure. 

In another preferred-aspect of the present inven- 
tion, one or more radiopaque bands will be formed at 
or near the distal tip of the catheter, particularly at or 
near the soft polymeric tip 40. 

Referring now to Figs. 4 and 5, use of the rein- 
forcement layers of the present invention to strength- 
en the catheter construction over proximal portions of 
a guiding catheter 50 will be described. The guiding 
catheter 50 includes a curved region at its distal end, 
including an inner tubular member 52 and an outer 
layer 54, constructed as described above. In order to 
help maintain the desired curved geometry of the 
catheter, as well as to help resist collapse and crack- 
ing of the catheter when the curved region is straight- 
ened during use, a polymeric reinforcement layer 56 
may be impregnated into the torque transmitting 
member, as described above. 

A similar reinforcement layer 58 may be formed 
over straight portions of the catheter 50. particularly 
when it is expected that the straight portion will under- 
go substantia! bending during use, where the bending 
might contribute to collapse and cracking of the cath- 



eter. 

The detailed structure of the inner tubular mem- 
ber 52, outer layer 54, torque transmitting member 55, 
and the reinforcement layer 58 is better observed in 

5 Fig. 5. The reinforcement layers 56 and 58 will prefer- 
ably be applied as a preformed ring or sleeve of ex- 
truded material, e.g. Nylon- 12, over the exterior of the 
torque transmitting member 55. The sleeve Is then 
heated, causing the material to flow into the braided 

w layer(s) of the torque transmitting member. Conve- 
niently, a heat shrinkably Teflon® or other material 
cylinder is placed over the sleeve of reinforcement 
material to apply uniform pressure as the heat is ap- 
plied. Optionally, the structure may be rotated to fur- 

15 ther enhance the uniformity of impregnation. Addi- 
tionally (or alternatively), the reinforcement material 
may be applied between the exterior surface of the 
inner tubular member 52 and the interior surface of 
the torque transmitting member 55. In this way, the 

20 reinforcement material may impregnate the torque 
transmitting member in a radially outward direction. 

Although the foregoing invention has been de- 
scribed in detail for purposes of clarity of understand- 
ing, it will be obvious that certain modifications may 

25 be practiced within the scope of the appended 
claims. 
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Claims 



1. A guiding catheter comprising: 

an inner tubular member having a proximal 
end, a distal end, and a central lumen extending 
from the proximal end to the distal end, wherein 

35 said lumen has a lubricous surface for receiving 

an interventional or diagnostic catheter; 

a torque transmitting member disposed 
over the inner tubular member and extending 
from the proximal end thereof to a transition loca- 

40\ tion spaced proximally inward from the distal end 
thereof; 

a reinforcement layer extending from the 
distal end of the torque transmitting member and 
over at least a portion of the inner tubular rnem- 
45 ber which extends beyond the torque transmitting 

member; and 

an outer layer extending over the torque 
transmitting member, the reinforcement layer, 
and any portion of the inner tubular member 
so which extends beyond the reinforcement layer. 

2. A guiding catheter, as in deim 1, wherein the tor- 
que transmitting member includes a braided tub- 
ular structure and t he outer layer includes a poly- 

55 meric material having a hardness in the range 

from 40D to 90D. said polymeric material impreg- 
nating the braided tubular structure. 
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3. A guiding catheter as in claim 1 or claim 2, where- 
in outer layer terminates at its distal end in a soft 
polymeric tip has a hardness in the range from 
40Ato 90A, said soft tip extending over th distal 

0.5 mm to 8 mm of the guiding catheter. s 

4. A guiding catheter as in claim 1, claim 2 or claim 
3, further comprising at least one additional rein- 
forcement layer composed of a polymeric ma ten- 

al having a hardness in the range from about 50D jo 
to 100D impregnated within at least a portion of 
the torque transmitting member proximal to the 
transition location. 

5. A guiding catheter as in daim 4, including at least is 
two axially spaced-apart additional reinforce- 
ment layers having different hardnesses to form 
'regions on the catheter having different bending 
stiffnesses. 

20 

6. A guiding cathether as in claim 4 or claim 5, 
wherein the additional reinforcement layer is 
formed over the torque transmitting member. 

7. A guiding cathether as in claim 4 or claim 5, 25 
wherein the additional reinforcement layer is 
formed between the torque transmitting member 

and the inner tubular member. 

8. Aguidingcatheterasinany one of the preceding 30 
claims, having side ports located distally of the 
transition location, wherein the side ports pene- 
trate through the reinforcement layer. 

9. A guiding catheter as in any one of the preceding 35 
claims, further comprising at least one radiopa- 

que band formed distally of the transition region. 

10. An rnproved guiding catheter of the type includ- 
ing an inner tubular member, a braided torque to 
transmitting member disposed over the inner tub- 
ular member, and an outer polymeric layer im- 
pregnating the braided torque transmitting mem- 
ber, wherein the improvement comprises at least 

one reinforcement layer impregnating the braid- 45 
ed torque transmitting member, wherein the rein- 
forcement layer has a hardness which is greater 
than that of the outer polymeric layer. 
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(57) A vascular guiding catheter comprises an 
inner tubular member having a torque transmit- 
ting member formed over a major portion there- 
of and a soft polymeric tip formed at the distal 
end thereof. The torque transmitting member 
provides the characteristics of torsional stiff- 
ness and axial flexibility which are necessary to 
be able to introduce the catheter to the vascular 
system. The soft polymeric tip reduces the likeli- 
hood that the catheter can injure the blood 
vessel and provides a convenient location for 
the inclusion of perfusion ports. A reinforce- 
ment layer (42) is provided over a transition 
region (38) between the termination of the tor- 
que transmitting member (34) and the soft distal 
tip (40). Optionally, reinforcement layers may be 
provided elsewhere along the length of the 
catheter. 
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